Abstract. Iron aluminide FeT2Alz8 was investigated in states with different defect concentrations using the positron annihilation lifetime and Mossbauer spectroscopy methods. The dominant component of 178-187 ps, obtained from positron lifetime spectra analysis, corresponds to a high density of vacancies. In the sample where high concentrations of vacancies or dislocations and vacancy clusters were found si~~lultaneously, a second component with a lifetime of 335 ps appears. Mossbauer results show that in the alloy above the Fe3A1 stoichiometry concentration the vacancies prefer to occupy the sublattice in the DO3 superstructure which is reserved for both iron and aluminium atoms. However, this conclusion could not be verified by comparison of theoretical and experimental values of positron lifetimes as the theoretically predicted positron lifetimes for all three types of vacancies are nearly the same.
INTRODUCTION
Mechanical and magnetic properties of intermetallics depend on atomic ordering and content of defects, often influenced by heat and/or mechanical treatments. Recently, the alloy FeT2Alz8 prepared by rapid quenching from the melt and deformed by rolling at room temperature (58% plastic deformation) was investigated [I] . Analysis of Mossbauer spectra has revealed that a high dislocation density volume occupied a dominant part of the strained samples (up to 74% ). This was confirmed also by positron lifetime measurements showing a large component with intensity of 89% and lifetime of about 162 ps. This value was close to positron lifetime of 167 ps attributed to the positron annihilation in dislocations in plastically deformed iron [2] .
In the present work, the same alloy prepared by a conventional method with different heat treatments was investigated. Changes in atomic ordering, the type of defects and their concentration as well as the site preference of vacancies in the DO3 superstructure, characteristic for this alloy, were studied.
EXPERIMENTAL
The ingot of the Fe-28 at.% A1 alloy was prepared from pure iron and aluminium (of purity Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jp4:1995118 better than 0.999) by induction melting in Ar. Its chemical composition was confirmed by EDX microanalysis. For the positron lifetime measurements a similar type source-sample arrangement as in [3] was used. A cylindrical sample 5 mm in diameter and 12 mm in length was prepared from two pieces with 22Na activity of about 5pCi deposited on the contact spot between them. Both parts were then welded together with the aid of an electron beam (Fig. 1) . The lifetime spectra were measured using a fast-slow coincidence spectrometer with BaF2 scintillators, the experimental time resolution being 150 ps. The spectra were decomposed into three lifetime components. The third component had an intensity less than 1% and was not considered in the physical interpretation of the results. For Mossbauer spectroscopy foils of about 35 pm thickness were used. Spectra were taken in the transmission geometry at room temperature using 57Co in a Cr source. The velocity scale was calibrated against a-iron. Spectra were processed using a least-squares analysis by assuming a combination of discrete components and continuous hyperfine induction distribution based on a fast Fourier transform convolution procedure [4] .
The following states of the alloy were investigated:
Sample S1: as-prepared cast and machined ingot; 
RESULTS AND DISCUSSION
The parameters of the positron lifetime (LT) spectra are given in table 1. Values of the mean hyperfine induction derived from the Mossbauer spectra are summarized in table 3. Table 1 . Lifetime constants r and intensities I derived from the positron lifetime spectra.
It is known that the aluminide studied exhibits the DO3 superstructure [5] , and the present Mossbauer spectra confirmed a high degree of this atomic order in all samples investigated. The DO3 superstructure can be divided into four sublattices labelled A, B, C, and D (Fig. 2 ). In the fully ordered state, the sites A and C are occupied by Fe atoms. The sublattice B is shared by Fe and overstoichiometric (> 25 at. % ) A1 atoms, whereas the sublattice D is occupied by A1 atoms. The analysis of the positron LT spectra reveals a dominant component 7 2 of 178-187 ps in the samples S1, S3 and S4. Also the ordered sample S2 exhibits a component of 184 ps with an appreciable intensity. Table 2 ). These values agree very well with the lifetime component discussed above; however, as they are nearly identical, they do not allow us to distinguish at which vacancies the annihilation of positrons dominates. Table 2 . Results of theoretical calculations of the lifetime for vacancies on different sites of the DO3 superlattice (superimposed atom method). The abbreviation nn means nearest neighbour.
(Positron lifetime in perfect Fe3A1: 112 ps -theory, 112 f 2 ps -experiment [3] .)
Another component with a lifetime of 335 ps was found in sample S1 and was assigned to the vacancy and vacancy-dislocation clusters. The intensity of this component is very low and vanishes after ordering annealing (sample S2). Its absence in sample S3 is due to the method of preparation as the quenching from a high temperature largely prevents the formation of vacancy-type defects. The other component in sample S2 with a lifetime of 94 ps corresponds to the decay of untrapped positrons. The value of the bulk positron lifetime TB = 118 ps, calculated according to the onedefect trapping model [7J, does not show a significant difference from the calculated value of 112 ps in the ordered Fe3A1 compound, which was also confirmed experimentally [3] . This suggests that only one type of positron trap exists in this sample. Using the above bulk lifetime of 118 ps also for the samples S3 and 54, we have calculated the shorter lifetime component ~l ,~~~~ which would follow from the one-defect trapping model [7] . The value of r~,t,,t = 35 ps in sample S3 does not deviate too much from the 7 1 = 43 f 5 ps obtained from the decomposition and, therefore, the one-defect trapping model applies here, too. It seems that with our resolution of 150 ps it is possible to catch even such short-lived components. In sample S4 we get TI,^,,^ = 25 ps, substantially different from the TI = 64 f 4 ps found from the fit. Here the following alternatives may be considered:
1. The one-defect trapping model does apply, but in the decomposition of the spectra it is not possible to resolve the short component from the peak.
2. There are more than one type of defects, e.g. shallow traps with a lifetime close to the bulk lifetime (antiphase boundaries or other defects, the electron density of which is only slightly lower than the electron density in the bulk). In this case the value of TI would increase.
At present, we are not able to decide which of these alternatives takes place. Further investigations in this direction are planned. The main differences between the samples which can be derived from the Mossbauer spectra are reflected in the behaviour of the mean hyperfine induction B h f They are due to changes in atomic arrangement of the nearest neighbours (nn) of the resonating iron atoms [8, 9] . This arrangement is altered by atomic ordering and by the presence of vacancies. The influence of a vacancy among the nn of an iron atom on its Bh j can be roughly compared with the influence of an aluminium atom [lo] . Therefore, the effect on Bhj of a high concentration of vacancies should be similar to that of an increase in A1 concentration. Namely, in a perfectly ordered stoichiometric DOs when the sample is characterized by a low density of dislocations. Plastic deformation changes the atomic ordering in the direction of B2 and A2 superstructures [12, 13] . These changes in atomic arrangement can be connected with an increase in B h f and in the mean magnetic moment 112-141. This means that a decrease in B h f due to increased vacancy concentration can be overshadowed by a stronger increase in B h j due to variation in atomic ordering. In this way we can understand the important difference in B h j in the S1 and S3 samples in spite of only slight differences in vacancy concentration according to the LT results. In contrast with the recently observed recovery and partial vacancy annihilation already at 443 K in highly-strained samples [14] , there are no changes in vacancy concentration and in B h f between the S3 and S4 samples, in agreement with the LT results. This suggests that the annihilation of vacancies is connected with atomic ordering and rebuilding of the DOs superstructure occurring above its critical temperature of 823 K [5] .
In highly-strained samples annihilation of vacancies is probably accelerated by the presence of internal stresses and dislocation walls which can accept large amounts of diffusing vacancies.
CONCLUSIONS
The LT spectra of the ordered and highly disordered Fe72A128 alloy exhibit a lifetime component between 178-185 ps which was, in agreement with theoretical calculatio~ls, attributed to vacancies. As the theory predicts nearly the same lifetime for all three kinds of possible vacancies, we were not able to decide which type of vacancy dominates. However, the Mossbauer spectroscopy groved that vacancies prefer to occupy the B sublattice in the DOs superstructure which is comlnon to both iron and aluminium atoms in overstoichiometric Fe-A1 alloys. If the number of vacancies or dislocations is high and vacancy clusters are formed, a second LT component of 335 ps is observed. In the samples with the ordered DOs superstructure and after quenching from 1273 K, good agreement with the one-defect trapping model was found It turned out that at the resolution of 150 ps even components as slow as 40 ps could be analyzed.
